, kinetic coefficients were evaluated for the system. The capacity of this system was 1700 cubic meters per day; that includes different process comprising physical and biological treatment, disinfection, sludge thickening, digestion and dewatering. COD removal efficiency and kinetic coefficients including yield coefficient (Y), half saturation coefficient (Ks), maximum substrate utilization rate constant (k) and endogenous decay coefficient (kd) were evaluated. The obtained results demonstrated that except Ks other coefficient were in the normal range that was frequently reported for conventional activated sludge in the literature. The COD removal efficiency was about 98 to 99 percent. The results indicated that there is a direct relationship between the variation of kd and Ks with effluent substrate concentration; while, the relationship between rate constant (k) and effluent COD is reversed. Finally, the effect of increasing sludge retention time (SRT) on COD removal was also studied. It was concluded that COD removal increased with an increase active solid retention time to a certain point, behind that point there was no significant changes observed.
INTRODUCTION 1
In past decades, attached growth system in combination with activated sludge process was successfully applied. The process received more attention over the traditional alternatives, as it needs relatively less Solid Retention Time (SRT) and less land area in compare to conventional activated sludge processes [1] . In fact, attached growth processes are more stable against hydraulic and organic load shocks than suspended growth modes [2] .
Integrated fixed-film activated sludge (IFAS) combines the advantages of attached growth and suspended growth processes [3] . However, this process is not often economically suitable, since it requires high capital cost for the fixed media [2] . The IFAS process generally is applied in the municipal sector for enhancing nitrification or total nitrogen removal in existence of activated sludge facilities [4] . Several studies evaluated the performance of integrated fixed-film activated sludge for municipal and industrial wastewater treatment [5] . Paul et al. [6] have reported that a clear spatial distribution of microbial population between follicular biomass (heterotrophs) and fixed biomass (nitrifiers) leads to high chemical oxygen demand (COD) and Nremoval performances. Kinetic coefficient can be used in order to design an appropriate wastewater treatment process. Kinetic coefficient which are frequently used for conventional activated sludge system consist of maximum substrate utilization rate (k: 2-10 mg/L), half saturation coefficient (Ks: 10-60 mg/L), yield coefficient (Y: 0.3-0.6 mgVSS/mgCOD) and endogenous decay coefficient (kd: 0.06-0.15 day -1 ) [7] . Kinetic coefficient for several wastewater treatment systems has been evaluated [8] [9] [10] . In a research conducted by Al-Malack [11] , kinetic coefficients were estimated for a wastewater treatment system in various loading rates. Naghizadeh et al [12] has determined kinetic parameters for Monod equation in
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submerged membrane reactor employed for the treatment of municipal wastewater. The obtained value for Y, kd, Ks, k were 0.6 mgVVS/mgCOD, 0.51 (day) -1 , 65.5 mg/L and 1.86 (day) -1 , respectively [13] . In another research done for biological elimination of C:N:P, kinetic parameters were estimated. The kinetic coefficients were determined for a high-rate biological wastewater treatment plant in a fixed condition with hydraulic retention time (HRT) of 24 h [14, 15] . In laboratory scale and pilot scale bioreactor at different HRT and SRT for complete mixed reactor, kinetic parameters were determined [7] . In this work, food industrial wastewater obtained from wastewater treatment plant in Amol industrial park had wastewater treatment capacity of 1700 m 3 .day -1 . This plant uses a two-stage aeration system, aerobic attached growth and extended aeration (polyethylene media is used as fixed bed with specific volume of 150 m 2 /(m 3 wastewater)). Dairy industry contains about 70% of the total wastewater produced in this park and the rest 30% is attributed by other food and beverage industry. In this study, kinetic parameters including Y, kd, k and Ks for IFAS was obtained. The obtained parameters were compared to conventional activated sludge system. Furthermore, COD removal efficiency was determined. In addition, sensitivity of kinetic coefficient focusing effluent COD was studied. Finally, the impact of SRT on COD removal was evaluated.
MATERIAL AND METHODS
This research was performed in full scale in Amol industrial park wastewater treatment plant. Wastewater with flow rate of 1700 m 3 (day) -1 was treated by IFAS. Data collection was continuously performed for duration of six months (started Winter 2013 till end of Spring 2014). Important parameters including COD, BOD5, total suspended solid (TSS), mixed liquor suspended solid (MLSS), mixed liquor volatile suspended solid (MLVSS), sludge volume index and dissolved oxygen (DO) in aerobic attached growth reactor, extended aeration tank, equalizer tank and outlet stream of the wastewater treatment plant were determined. The described wastewater treatment plant has two modules which are paralleled and are similar in conditions and sizes. Hence, sampling was conducted only in one module and attributed to the whole plant. The flow diagram of this system is shown in Figure 1 . Furthermore, specifications of principle unit and operating conditions of Amol industrial park wastewater treatment plant in the period of investigation is summarized in Table 1 . Kinetic coefficient of the IFAS system is determined utilizing the following equations for the collected data:
Where SRT refers to the sludge retention time (day -1 ), S0 is the inlet substrate concentration (mg COD/L), U is the substrate utilization rate (mg COD/mg VSS), Kd represents the endogenous decay coefficient (day -1 ), Y is the biomass yield coefficient (mgVVS/mgCOD), X is biomass concentration (mgVVS/L), θ refers to the hydraulic retention time (HRT) (day -1 ), Ks is half saturation coefficient (mg COD/L) and k is the maximum substrate utilization rate (mg COD/mg VVS. day).
Kinetic coefficient can be obtained by plotting 1/U vs 1/S and 1/SRT vs U. Y-intercept and slope of 1/SRT vs U represent endogenous decay coefficient (kd) and biomass yield coefficient (Y), respectively. Similarly, Yintercept and slope of 1/U vs 1/S represent 1/k and Ks/k, respectively. Outlet substrate concentration and COD removal efficiency is calculated by following equations:
where R refers to the COD removal efficiency. In order to define the most effective parameter on COD removal efficiency, sensitivity of these parameters were investigated. For this purpose k, kd, Ks were altered for ±50%, whereas other parameters keep constant and for all experiments SRT were considered 25 (days). Subsequently, sensitivity of kinetic coefficient was determined by estimation of COD for outlet stream based on Eq. 3 and then variation of kinetic coefficient was plotted versus COD variations.
RESULTS AND DISCUSSION
Collected data and calculated results obtained from inlet wastewater, aerobic attached growth reactor, extended aeration tank and outlet stream was categorized in two section according to the range of MLSS in extended aeration tank. In order to calculate the kinetic parameters, the collected data for MLSS in the range of 1450-2000 mg/L were plotted and equations 1 and 2 were fitted (see Figure 2 ). The Y and kd were obtained from the linearly fitted Eq. 1 using experimental data (as discussed previously). Similarly, 1/k and K0/k were obtained from the plot of 1/U vs 1/S. Experimental data for MLSS=2000-3500 mg/L are summarized in Table 2 . Similarly, kinetic coefficients based on linear plots of 1/SRT vs U and 1/U vs 1/S were obtained (see Figure 3) . For this case, kinetic parameters including Y, kd, k and Ks were determined to be 0.502 mg/mg, 0.121 day As evidenced from the results which are summarized in Tables 2, COD removal efficiency in the described IFAS system were approximately 98-99%, indicating that this system has better performance in compare to conventional activated sludge system, even in high MLSS concentration. The kinetic parameters which were obtained and reported in different articles for various systems are summarized in Table 3 .
The results presented in Table 4 , indicated that all kinetic coefficient, except Ks, were in the normal range of conventional activated sludge system. The observed exception for Ks is due to the fact that Ks value is related to kd, so that every uncertainty in estimation of kd, influence on Ks value. This problem is more comprehensive in high value of MLSS [11] . Sensitivity analysis was performed to determine the parameters which influence on substrate concentration of effluent. For this purpose, the value of Ks, k and kd was separately altered (± 50%), whereas other parameters keep constant (retention time consider 25 days for all cases). Sensitivity of kinetic coefficient were studied by estimation of outlet COD by plotting the value of COD in outlet stream against variation of kinetic coefficient and subsequently fitting data in Eq. 3 to plot experimental data. Results are presented in Figures 4 and 5 . As shown in Figures 4 and 5 , kd and Ks are proportional to outlet COD concentration, but k has reverse proportion to outlet COD. It was concluded that concentration of outlet COD is more sensitive to k than kd and Ks.
In order to determine the effect of SRT on COD of outlet stream, COD removal efficiency was calculated via Eqs. 3 and 4 for two different ranges of MLSS (1450-2000 mg/L and 2000-3500 mg/L). Figure 6 clearly indicates that outlet COD decrease with increase in sludge retention time to a certain point, but after that it is not so effective. 
CONCLUSION
Integrated Fixed Film Activated Sludge system has demonstrated to be a promising technology for treatment of various kind of wastewater, especially in industrial wastewater, because of its high efficiency, low operational cost and simple design. This system may be serving as a solution for wastewater treatment plants which need to be extended in size, without adding any additional tanks or changing tank size. This system was studied successfully in Amol industrial park wastewater treatment plant. It was concluded that COD removal efficiency was about 99% and this performance was obviously better than conventional activated sludge system. The results demonstrated that all kinetic coefficient, except Ks, were in the normal range of conventional activated sludge process. It was indicated that kd and Ks are proportional to outlet COD concentration, but k has reverse proportion to outlet COD. Finally, it was concluded that concentration of outlet COD is more sensitive to k than kd and Ks. 
